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,ABSTRACT
77io levei and distcbution of some heavy metals vi z Cadmium, Lead, Copper Zinc. and Cobalt ifì
coininerc,o/tv important fishes, water and sediments at three different location.s in kainfi Lakc,-?
vrc determined using standard methods. The results show that the ranges of heavy metals
pgigm fishes in a7/71 site location are: Cd (0 05+0,01-.204-01), Ph (ND 1.12+.01), Cu
(0.8" :!: 25-2,93f 05), Zn (20.89+1.15-36.78+2.97), Co (0.08+.01-0.27+.02); in Cover Darn, the
mrges ate Cd (0.04±.02-0,16±102), Pb (nd-.02+.0 I), Cu (0.75+. 05-2. 61+.13), Zn (15. 70+1. 55-
32.23it2.70), Co (0.04.t.02-0.25+.0.01) and in Yuna they are Ccl (0.05+.01-0.14+.02), Pb (nd.-
0.22+ 01), Cu (0.23-+.07-2.70+.0-5), Zn (1550+1.35-25.62+2.47), Co (0.07+.02-.23+.0.01). The
metals concentration (mg,/i) in the water sample from Dam site, Cover darn and Yuna respectively
Cd (0.007+. 001, 004+.001 and 0.005+.001). Pb (.013.-1%001, ND, and ND), Cu (.055+.008,
.030t 007, .05+.010). Zn (0.13+.01, 0.066+.0055) and Co (.026+,002, .022+.004, .0244-.004),
wiTile the metals concentration (iglg) in sediments sample from Daf17 site, Cover dam and Yuna
are re,vectively Cd (.05+.01, .02+.01, .02+.01), Pb (16.00+1.00, AID and 9.33+1.01). CO
4.26+.91 and 11.08+1.32). Zn (42 00+1.00. 35 +.10 and 38.00+,45). CO
::15.000.17, 8.69+1.21 AND 10.91+.44). The concentrations of the tested heavy metals are
kiOh.,n the acceptable st,,:indards of VVHO (1987a).
INTRODUCTION
In many regions of the world. heavy metals pollution has threatened aquatic life and
public health. Among the list of organic and inorganic substances released into the aquatic
ecosystem, heavy motas have received considerable attention due to their toxicity and potential
hoaccumulations by many aquatic species (Adeyemi et al, 1996).
Heavy metals may occur naturally. As a result of normal geological phenomena such as
cy-e formation, weathering of rocks, leaching, or in the case of mercury, degassing may make
these metals available to the biosphere. It may also occur as a result of human activities such as
burning of fossii fuels, mining, smelting, discharging of industrial, agricultural, and domestic
wastes and deliberate environmental application of pesticides release more of these metals into
the environment (Sadik, 1990).
Biney et al, (1994), reported that the situation has arose as a result of rapid growth of
population, increased urbanisation, expansion of industrial activities, exploration and exploitation
of natural resources, extension of irrigation and other modern agricultural practises as well as
lack of environmental regulations. Once made available to the environment, metals are not
usually removed rapidly or readily detoxified by metabolic activities but accumulate. Various
F.tt.idies have shown that these substances are polluting the water of major rivers and lakes.
(Osibanio and Jensen, 1980); Odeyemi, (1980).
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The presence of metal pollutants in freshwater is knov, n to disturb the delicate balance of
the acuat,c ecosystem and this has beer noticed to manifest in the pre(,--.nce of some
irregularities in- ''s.sh physiology as fish tends to concentrate some metals in their body tissues
(Kakulu :and Osibanjo. 1986). It was also recognised that the increased environmental burdens of
metals and acids in lakes were potentially stressful to local fisheries For instare. fish population
may be lost from lake apparently because of reproductive failures, (Bradley and Morns, 1986),
hence it is of biodNersity importance in fisheries. Hervey and Lee (1982) stressed the
sianificance of the increased metal loadings that have been coincidental with acidification and
concluded that the reproductive failure IS a symptom of both acids and metal stresses. Most
studies have relied on fish as sensitive indicators of heavy metals pollution as put fotward by
Adeyern et al, (1996! I-pinmoroti and Oshodi, (1993) noted that despite the possibility of
continuous metal exchange between a fish and its habitat that includes the surrounding water,
and so il sediment little attention haSebeen paid to the comparative study of metal concentiation in
these matrices
.Following the impoundrhent of River Niger at Bussa in the ea' ly sixties, there was a glut
in the Kainji lake fishery, N.vhich-iattracted a lot of fishermen both from Nigeria and neighbouring
countries Consequently. there were. a lot of human activities along the lake Fishermen and
their families began to settle. .dOWn around the lake area Survival of these families was
dependent on the lake fishery 's their meanS of livelihood; hence effluents from domestic
actr,.'ities found their way into the lake. Furthermore, the activities of the hydroelectric power plant
also constitute effluents into the lake..
This study is designed to 'examine the distribution of heavy metals such as zinc, copper,
lead, cobalt and cadmium in various fishes of economic importance, water body and sediments in
three different locations in Kainji Lake with the aim of evaluating their present levels and
comparing them with allowable limits for protection of aquatic life and human consumption.
METHODOLOGY.
Three sampling stations were selected namely Dam site in the down stream, Cover dam
in the middle stream and Yuna in the Upper stream as shown in figure 1.
MAP OF THE LAKE
7(13
Replicate Fresh samples of Morrnyrus runie, Tilapia spp, Citharinus citharus, Lates
niloticus and Bagn.is bayad were purchased at the landing station within the study areas, kept in a
cleaned dried and air-tight polythene bag. They were taken to the central service laboratory of
National Institute for freshwater fisheries Research, New Bussa for identification. The
preservation, processing and analysis of the fish samples were performed according to the
standard analytical procedures of (AOAC, 1990).
Replicate Samples of water were collected from all locations within the studied areas,
preserved, treated and analysed using nitric acid digestion technique by (APHA, 1992). Replicate
sediment samples were also collected with a bottom grab air-dried and analysed using
hydrofluoric-perchloric acid digestion technique by (Allen eta!, 1984).
RESULTS AND
Table 1: Mean metals concentration (pq/g fresh weight) in fishes
from Kainji_Lake.
metaii-6-6-nceni-6-6ETI irTfW6-e-s-Jq7-4-6-e-i71--v.-Te-ii-Tif
ND Not Detected
704
LOCATION Fish species Cd Pb Cu Zn Co
DAM SITE Mormyrus rume 0.20±.01 0.75± 05 2.47±.09 3-6778±2.97 0 17± 01
Tilapia spp 0.05±.01 ND 2.28±15 24.59±2.28 0.15+.01
Citharinus citharus 0.15±.02 ND 2.93±.06 33.06±3 2 0.27+.02
Lates nilaticus 0.12.±0.02 0.92±.01 1.26±.10 20.89±1 45 0 22± 03
Baqius bayad 0.09±0.02 1.12± 01 0.81± 25 27 89±2 05 0.08± 01
COVER'. 11,Tormyrus runie 0.16±0.02 ND 1.70±.82 32.23±2.70
DAM
Tilapia sop 0 04±0 02 ND 0.74±.12 15.70±1.55 0.14±02
,.
Cithannus citharus 0 16±0 02 ND 2.61± 13 21.70±4.33 0 20±.02
Lates niloticus 0 08±0.01 ND 1.06± 25 18.19± 83 0.18± 03
-¡-`60-A
Bagrus bayarl
Mormyrus none
0 07+0 01 ,
0.130.02
.02±.01
ND
75±.05
129±.05
"
.17,15±103
_
1550±1.35
0 04± 02
07± 02
Tilapia spp 005±0.01 ND 04±..07 16.10±20 008±01
...',.,,....:.: _.
Citharinus citharus 0.14±0 02 0.32±.01 -2'i,7(ii.'05
,.;:,.....
24,18±.21 0 15± 01
Lates nilolicUS 0.0810.01 ND ' -14/.20 17.36±3.70 0.23±01
Bap.* bayad 0.130.02 0.09±.03
,
0,59±.14 25.62±2.47 0.11±.02
1 ISCUSSION.
Table 2: Comparison.of,heavy rnetals concentrations (mg/l) in
freshwater from Kaihii Lake and other areas of the world.
['LO-CATION
i Cd Pb ' Cu 1 Zn Co -Reference
DAM -11.-E TO 007±001 0.03±001 o0008 0 130±001 0 0726±0 002 - Tt»s study
(Kainf Lake) I t,
COVER DAM 1 0 004±001 1 ND 0.030±007 0.060±0.007 0 022±0 004 This study
(Kam» take) i
I.r- -Kpong Head <001 <0.02 <0.02 <0.02 <0 02 ' Biney1997
i- ---+0.0.03-0 13 N/A Ochiery
1987
0 050.0 60 N/A Cupe et at
1980
!
.
N/A = Not Available
ND = Not Detected
Table 3. Mean concentrations of heavy metals (pg/g dry weight) in sediments from Kainji Lake.
LOCATION Cd Pb Cu Zii Co Reference
DAM SiTE 0.05±0.01 16.00±1.00 24.00±1 34 42.00±1.00 15.00i:1-.17 This study
COVER 0.02±0.01 ND 42±0.91 35.00±0.10 8.69±1.21 This study
DAM
YUNA 0.02±0.01 9.33±1.01 11.08±1.32 38.00±0.45 10.91±0.44 This study
UNPOLLUTE
D
SEDIMENTS 0 11 19.00 33.00 95.00 N/A GESAMP,i (1982).
Salmornons
1 and Forstner,
1984.
ND = Not Detected
N/A = Not Available.
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'Table 4: Comparison of mean metals concentrations (tig/g.fresh.weight) in 'fin fish
from Afric;--1 and other areas of the world:
ND = Not Detected
N/A = Not Available,
Table 1 presents the results. of heavy metals concentrations in fishes from the three...
studied 'locations Kainji Lake. The highest heavy metals concentration was recorded in Zn with
36.78±2.97 p9/g. This was followed by Cu (2,93±0.06 pg/g), Pb (1.12±0.01 pg/g), Co (0.27±.02
pg/g)and Cd (0.20±0.01 pg/g) respectively. The high concentration of ZI1 in relation to other
heavy 'metals might be due to the pollution from sewage effluents that has a high Zn content
(Allen et al, 1984)..Other reasons could be traced to the importance of Zn and Cu in nutrition and
growth of fish. Essential h.eavy metals such as Zn and Cu are useful for normal .grOwth
artaretabolismin fish than the non-essential toxic metals (Kennish, 1992). The results were found :
be the same with the findings of other workers: Sadik, (1990). Horsfall et a/, (1998).
The concentration of heavy metals was generally..highest in the Dam site (Downstream)
followed by Yuna (Upperstream) and then cover dam (Middle stream). The three studied
locations were the areas that were regularly being polluted .as á result of human activities and
where effluents enter into the lake. The inhabitants are predominantly fishermen, farmers and
cattle rearers. Their inputs contributed to metal loads into the lake The high value of heavy
me.tais in the Dam site over Yuna and cover darn might be as a result of movements of the
poOutants from the Upperstream to Downstream where they are concentrated Other possible
reason might be as a result of anthropogenic metal inputs through the use of engine and
lubricating oil and corrosion of metal blades of the turbine and generators into the lake.
Based on fish species sampled for heavy metals there are correlation between the
species of fish studied and the levels of cadmium in them. For example, mormyrus rum° recorded
the highest concentration of cadmium (0.20±0.01) pg/g in the three studied locations while Tilapia
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i.00ATION
Kamp Lake
Cd
0 11± 05
Cu ' Co-
0 15±.07
Reference21)
23.09±6.920 21± 38 1 50±88 This study
Nigeria (003 (ND-1 12) (0.16-2 98) (136436 78) (0030 29)
liVestein and
021)
Central 003-0 19 0 43-0.48 0.18-0.70 3;05 6 NIA
Africa Inland
waters
Biney et al.. (1994)
Northern 0 004-0,15 0.67 1.77-3.70 7 4-8.0 N/A
Africa Inland
waters
Biney et at.. (1994).
British Rivers 0.15 0.87 0.80 4 76 NtA
(Raters NO-0.35 NO-4.30 0.40-1 00 Mason, (1987)
'Kenya)
.Thilippines NO-0 36 0 01-0 08 NO-4 43 Q.20-584 , N/A 'Goniez et at . (1990)'
-iong Kong ND NO-0 30 ND-1 10 0.80-25 4 N/A Gomez et al., (1,990)
:t/ii0 Limits 2.0 20 30 1000 'N/A WHO ' (1987a)
species recorded the least (0.04±0.02). This must have been attributed to the fact that monnyals
rume are bottom dwellers while Tilapia are most find in and around shores and are pelagic
feeders (Reed. et, v11967). Moreover. Tilapia has low tendency to bio accumulate cadmium in
their body compared to other species. Other heavy metals follow no regular pattern.
The results on the heavy metals in the lake Kainji are generally in agreement with the
results obtained by other workers in other locations in Africa are shown in (Table 4). The values
of the studied heavy metals were generally lower than the permissible limits for fish reported by
(WHO. 1987a) The results suggest that the values of the heavy metals in fish studied pose no
serious threat to both the aquatic life and human life in the area at least for now.
Table 2 'recorded the measured concentration of heavy metals in water samples from the
three studied locations Zn recorded the highest concentration (0.13±0,01 ppm) followed by Cu
(0 055±0.008ppm), Co (0.026±0.002 ppm), Pb (0.013±0.001ppm) and Cd (0 007±0.001 ppm).
This trend followed the same pattern as in heavy metals in fish. There is correlation between the
levels of heavy.metals in Water and fish samples. Similar observation was made between water
and fish by Saad. (1987) . .
. .
.
Generally, Dam site recordedithe.highest concentration of heavy metals in water samples
followed by Yuna and Coverdartaareas This justified the initial findings on the results of heavy
metals in fish Sample. s. The high:Values of heavy metals in water samples from Yuna over Cover
dam might be due to the fact YUria',11S- densely populated than Cover dam and fishing activities in
cover darn were less intensive cOMPared to that of Yuna
Comparing the levels of'heavy Metals in water samples. in Table 2 with those obtained for
fishes in Table 1 the heavy metals in. fish samples were more than in water samples. This is an
.evidence of bioaccumulation of these heavy metals in -fish, which is dangerous to aquatic life.
Similar observation was reported by Ipinmoroti and Oshodi. (1993).
The leVels of heavy metals in water samples from the three studied locations -showed that
all the heavy metals analysed fails within the permissible range. Cd, (0.0004 0.015 ppm), Pb,
(0.004 0.015 ppm), Zn (0 050 0.060 ppm), Cu (0.01 004 ppm) except Cu and Zn from the
Dam site, Cu (0.055 ± 0.008pprn), Zn (0 13 ± 0.01 ppm) and copper from Yuna, Cu (0.052±0.010
ppm) This infers that the effect of the anthropogenic and sewage effluent inputs into the lake
should not be completely over looked However the Zn and Cu levels in water samples in both
Dam se and Yuna compared favourably well with the values obtained by other workers in Africa
as shown in Table 2
Table 3 shows the concentration of heavy metals in the sediments from the three-studied
location in Kaniji Lake. Comvaring these results with those obtained in Table 1 and 2 showed that
all the heavy metals gave higher values in the sediments than in fish and in water sample's vvith
the exception of Cd This shows that fish biocaccumilate cadmium more efficiently than...other
studied toxic metals in the aquatic ecosystem. Other workers made similar observation. (Saacl,
1985. 1987). Sadik, (1990) The distnbution of heavy metals in the sediments follow this'order
ZneCu:-PbaCo>Cd This indicates that generally there was correlation between the levels of
heavy metals in sediments, fish and watei Furthermore, the highest concentrations of these
heavy metals were observed in the Dam site followed by Yuna and Cover darn.
Pb was not detected at all in both the sediment and water samples from cover dam.: but
surprisingly was detected in Bagrus bayad from cover dam This shows that the use of fish alone.
to asses the level of water pollution by heavy metals might be misleading if not properly
interpreted Similar observation was reported by lpinmoroti and Oshodi. (1993).
VVhen the concentrations of heavy metals in the sediments from the three studied
locations were compared with unpolluted sediments reported by Gesam. (1982) for inland water
sediment, it revealed that all the heavy metals studied gave lower values than those reported for
unpolluted sediments- Cd (0.11 pg/g). Pb (19 pg/g), Cu (33 pg/g), Zn (95 pg/g). This confirmed
that the sediments from the three studied locations may be safe for aquatic ecosystem
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CO CLUSIONS AD *ECOMMENDATIONS
The distribution of studied heavy metals in fishes, water and sediments from this study
showed that Zn contain the highest concentrations while cadmium recorded the lowest
concentrations.
Dam site (Downstream) harbour the highest concentration of these metas followed by
Yuna (Upperstream) and Cover dams respectively. Although, the concentration of these heavy
metals especially in the Dam site and Yuna have not reached a pollution level presently but the
cumulative effect might be dangerous in the future. IVIoreover, the impact of
bioaccurnulation of these metals on fish can be very crucial as fish might faced the danger of
extinetion, a threat to biodiversity. The reduction in the number of fish catch experienced by the
fishermen presently might be as a result of these toxic metals. Therefore it is advise that
government should not only promulgate rules and regulations for pollution control but also
ensure strict compliance of these legislation.
Moreover, the anthropogenic inputs through the discharge of engine and lubricating oil
into the lake should be checked or treated if it cannot be completely eradicated. Other sources of
pollution that included indiscriminate dumping of agricultural herbicides, fungicides insecticides,
pesticides and effluents from domestic sewage and municipal should be brought under control.
This can be accomplished by formulating pollution control measures, which incorporate waste
minimization, effluent treatments, monitoring, training, education and awareness giggles
especially among the rural communities in Kainji Lake.
Evidence have shown that the use of fish alone to asses the level of water pollution by
heavy metals may be misleading if not carefully interpreted. Among the species of fish studied,
Inormyrus rume gave the highest concentration of cadmium while Tilapia spp gave the least.
However, the data obtained was not enough to jump into this conclusion. Therefore further work
should be carried out to verify this claim.
Furthermore, no attempt has been made in this study to investigate the relationship
between these metals and seasonal variations. age, sex and different organs of fish Therefore,
further studies are needed in this respect to provide valid information for promoting fisheries
research in Nigeria.
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